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(54) Process for controlling uplink packet transmission in a wireless communication network 



(5*7) The invention relates to a process for control- 
ling uplink transmission in a wireless communication 
network It comprises broadcasting to the user equip- 
i ments a maximum transmission rate, so as to limit the 
risks of collisions and the risk that the network collapses. 

In the case of a CDMA network, the maximum trans- 
mission rate may be broadcast as a maximum user bit 
rate, in the form of a minimum spreading factor This in- 



formation may be broadcast at each frame, so that it is 
taken into account by a user equipment for uplink trans- 
mission in the next frame. 

The invention also proposes processes for control- 
ling access of the user equipment to the resources. 
These processes limit the number of users that may ac- 
cess the resources at a given time, or limit the through- 
put of the user equipment at the time the user equipment 
accesses the resource. 
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Description 

[0001] The present invention relates to the field of 
wireless communication, and more specifically relates 
to uplink transmission in a packet service wireless com- 
munication system. 

[0002] Packet services in a wireless communication 
network have a very bursty source of traffic. They need 
to have a very fast access to radio resources and trans- 
mit with a high bit rate. For packet services, since the 
traffic is bursty and the radio resource limited, allocating 
resources to the different users on a permanent basis 
is hardly feasible. Thus, at any given time, the network 
usually needs to control multiplexing of all packet users, 
in order to avoid overload situations; overload may oc- 
cur if too many users become active at the same time 
with a high transmission rate. The problem is especially 
critical for uplink transmission in packet service, be- 
cause users transmit in an uncoordinated way, accord- 
ing to their traffic source behaviour. 
[0003] This problem is for instance discussed in EP- 
A-0 877 512 in the case of a CDMA (code division mul- 
tiple access) based mobile communication system. The 
solution proposed in this document is to broadcast mo- 
bile access control information from the base station to 
the mobile stations. Mobile stations then transmit packet 
to the base station according to the timing information 
defined in the broadcast mobile access control informa- 
tion. 

[0004] This solution is difficult to carry out for high bit 
rate communications; indeed, the base station has to 
manage the timing of all mobile stations, which is time 
consuming. In addition, broadcasting the proposed mo- 
bile access control information will also use part of the 
available radio resource. 

[0005] WO-A-97 1 9525 discusses a TDMA (time divi- 
sion multiple access) system, according to the GSM/ 
GPRS specification. This document discusses the use 
of control algorithms to modify access probabilities. One 
prior art solution discussed in this document is that the 
base station broadcasts a value p, and that any ready 
user transmits with a probability p during any available 
access burst period. In order to provide different grades 
of services to different classes of users, this documents 
suggests broadcasting different probabilities for differ- 
ent groups of users. Any user may select the timing of 
its transmission based on the broadcast probability for 
his group. Alternatively, access may be allowed or not 
in a given allowed burst period according to the compar- 
ison of a random number to the broadcast probability. 
[0006] This document does not discuss CDMA-type 
systems, and does not suggest the use of a similar proc- 
ess for accessing different resources. 
[0007] The problem of access to the radio resource, 
especially for uplink transmission was also discussed 
for UMTS specification (Universal Mobile Telephone 
Service). 'UMTS YY.03, description of UE states and 
procedures in connected mode', version 0.4.0, Tdoc 



SMG2 UMTS L23 61/99 suggests allocating dedicated 
channels (or DCH) to packet user, and allowing the us- 
ers to transmit when they wish to. The UTRAN (UMTS 
Radio Access Network) may control transmission bit 

5 rate of each individual UE (User Equipment) on a slow 
rate basis through a RRC (Radio Resource Control) pro- 
cedure. This solution results in a sub-optimal usage of 
radio resources and extra delay at each transmission, 
because resource allocation is controlled on a too slow 

10 basis. Indeed, the time necessary for sending a mes- 
sage from the UTRAN to the UE may reach 200 ms. 
Collisions can not be avoided and this may lead to a 
large retransmission overhead. This scheme will prob- 
ably prevent packet users from transmitting at high bit 

is rate. 

[0008] Another solution for UMTS is discussed in 
'Benefits of the uplink shared channel USCH\ Tdoc 
SMG2 UMTS L23 47/99, Motorola. According to this 
scheme, users are allocated a DCH but a fast signalling 
20 message in downlink indicates them what bit rate to use 
at every frame. This solution requires too much signal- 
ling overhead, especially for a CDMA system which 
does not require explicit assignment of physical resourc- 
es. 

2S [0009] 'Performance of a joint CDMA/PRMA protocol 
for mixed voice/data transmission for third generation 
mobile communication', A.E. Brand, AH. Aghvami, 
IEEE Journal on selected areas in communications, vol. 
14, No9, December 1996 suggest an uplink protocol for 

30 mobile communication systems. According to this pro- 
tocol, a permission probabilities are sent on each down- 
link packet, for different slots of the next frame. Permis- 
sion probability for a slot in a given frame is set accord- 
ing to the periodic load in the same slot of the previous 

35 frame. 

[0010] This solution discusses simultaneous periodic 
and random loads, and suggests setting permission 
probabilities according to periodic load only. It is there- 
fore not adapted to controlling packet service uplink 

40 transmission. 

[0011] The invention provides a solution to contention 
of user equipment or mobiles stations for packet service 
uplink transmission in a CDMA wireless communication 
network. It provides a simple and efficient solution for 

45 lowering interference, and for optimising use of the radio 
resource. 

[0012] More specifically, the invention provides a 
process for sharing radio resources between user 
equipments on the uplink of a packet service wireless 
so communication system, comprising: 

in the network, computing a maximum transmission 
rate for user equipments, and broadcasting this 
maximum transmission rate to user equipments; 
ss - in a user equipment, transmitting with a transmis- 
sion rate lower that the last received broadcast 
maximum transmission rate. 
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[0013] Preferably, the maximum transmission rate is 
broadcast every frame. 

[0014] In one embodiment of the invention, the max- 
imum transmission rate is identical for all user equip- 
ments. 

[0015] In another embodiment of the invention, the 
maximum transmission rate is class dependent. 
[0016] The process may also comprise: 

in the network, computing a probability for user 
equipments, and broadcasting this probability to us- 
er equipments; 

in a user equipment, transmitting only if a random 
value is lower than the last received broadcast prob- 
ability. 

[001 7] Preferably, the process comprises : 

in the network, computing a probability for user 
equipments, and broadcasting this probability to us- 
er equipments; 

in a user equipment, rf the requested transmission 
rate is lower than the broadcast transmission rate, 
computing a user probability higher than the last re- 
ceived broadcast probability, as a function of the 
last received broadcast probability, of the last re- 
ceived broadcast maximum transmission rate and 
of the transmission rate required by the user equip- 
ment, and transmitting only if a random value is low- 
er than the last computed user probability. 

[001 8] In one embodiment of the invention, the prob- 
ability is broadcast every frame. 
[0019] In another embodiment of the invention, the 
probability is identical for all user equipments. 
[0020] In yet another embodiment, the probability is 
class dependent. 

[0021] Preferably, the step of transmitting is carried 
out for a validity time period after it is determined that 
the random value is lower than the last received broad- 
cast probability. 

[0022] In another embodiment, a user equipment is 

not allowed to transmit for a retry time period after it is 

determined that the random value is not lower than the 

last received broadcast probability. 

[0023] In one embodiment of the invention, the step 

of transmitting is started at a first transmission rate for 

a time period, and is continued at a second transmission 

rate after the lapse of said time period. 

[0024] In this case, the maximum transmission rate 

may be broadcast to user equipments transmitting at 

said first transmission rate. 

[0025] It is also possible for the maximum transmis- 
sion rate to be broadcast only when it is computed anew. 
[0026] The invention also provides a wireless commu- 
nication system carrying out this process, and a user 
equipment carrying out the user side steps of the proc- 
ess. 



[0027] A wireless communication system embodying 
the invention will now be described, by way of non-lim- 
iting example, and in reference to the accompanying 
drawings, where : 

5 

- figure 1 is a flowchart of the procedure in the 
UTRAN according to a first embodiment of the in- 
vention; 

figure 2 is a flowchart of the procedure in the UE 
10 according to the first embodiment of the invention; 

- figure 3 is a representation of the timing of the pack- 
et admission control according to the first embodi- 
ment of the invention; 

figure 4 is a flow diagram between UTRAN and UE 
is according to the first embodiment of the invention; 
figure 5 is a graph of a possible probability function; 

- figure 6 is a flowchart of the procedure in the 
UTRAN according to a second embodiment of the 
invention; 

20 - - figure 7 is a flowchart of the procedure in the UE 
according to the second embodiment of the inven- 
tion; 

figure 8 is a flow diagram between UTRAN and UE 
according to the second embodiment of the inven- 
ts tion; 

figure 9 is a representation of the timing of the pack- 
et admission control according to the second em- 
bodiment of the invention; 

30 [0028] The invention suggests broadcasting a maxi- 
mum bit rate to the different user equipments, so that 
user equipments may adapt if necessary their bit rate 
for transmission in the next frame. This allows optimised 
sharing of the radio resource between the different user 

55 equipments. 

[0029] Contrary to the prior art solutions, in which in- 
terference is limited by limiting the number of transmit- 
ting user equipments - be it on a statistical basis or on 
an individual basis - the invention suggests limiting the 

40 bit rate of the users; in other words, instead of limiting 
the number of users for avoiding interference, the inven- 
tion suggests limiting the use of available radio resource 
by each of the active user equipments. 
[0030] In addition the invention suggests various 

45 processes for controlling access of user equipments to 
the radio resource. These processes optimise use of the 
resource on a frame basis, without adding too much sig- 
nalling overhead. Controlling access to radio resource 
ensures that sufficient time is given to the network to 

so adapt the broadcast bit rate so as to take into account 
new users. In the first embodiment of the invention, this 
is done on a statistical basis, so that the number of new 
UEs appearing at a given time is known in advance. In 
the second embodiment of the invention, this is done by 

ss limiting the transmission rate of UEs at the beginning of 
a transmission, so that the resource grabbed by new us- 
ers is actually limited. 

[0031] The invention notably applies to UMTS and is 
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described in the rest of the present specification with 
reference to this type of wireless communication net- 
work. It should however be understood that the inven- 
tion is not limited to this preferred embodiment, and ap- 
plies to other types of CDMA packet service wireless 
communication systems, or more generally to transmis- 
sion systems where a limited resource has to be shared 
among users. The invention applies particularly to pack- 
et service, where the source of traffic is bursty. 
[0032] UMTS is a CDMA system; as known to the per- 
son skilled in the art, is such a system, a spreading factor 
SF is defined as the ratio W/R of the chip rate W to the 
transmission rate R of coded signal. Each UE in UMTS 
is allocated a number of possible codes having different 
spreading factors. In addition each UE is provided with 
a user-specific scrambling factor, which is combined to 
one of the codes for transmission. Transmission rate of 
a given UE is controlled by selecting the spreading fac- 
tor used at a given time; the higher the spreading factor, 
the lower the transmission rate. 
[0033] Figures 1 to 5 disclose a first embodiment of 
the invention. In this embodiment maximum transmis- 
sion rate is broadcast to the different UE; in addition, 
access to the resource is controlled on a statistical ba- 
sis. In the preferred embodiment of these figures, trans- 
mission rate is broadcast at every frame, so as to be 
taken into account for the next frame. 
[0034] Figure 1 is a flowchart of the procedure in the 
UTRAN in a first embodiment of the invention. This pro- 
cedure may be carried out in the base station or Node 
B in the UMTS specification; it may also be carried out 
in the base station controller or RNC (Radio Network 
Controller) in UMTS. 

[0035] At step 1 , a transmission rate SFpg^ allocat- 
ed to packet users is computed, based on interference 
level in the previous frames. This transmission rate is 
normally calculated taking into account the transmission 
rate for other types of services, such as voice service, 
if any, and the resource that may be requested by new 
users. The transmission rate SF packel is computed in a 
way known per se. 

[0036] As discussed above, access of the different 
UEs to the radio resource may also be controlled. This 
is not a requirement for carrying out the broadcast of the 
transmission rate according to the invention: however, 
controlling access to the radio resource makes it easier 
for the network to compute SF packel for the next frame; 
in other words, controlling access to the resource makes 
it possible to allow a higher SF packet to active users. Any 
solution known per se may be used for controlling ac- 
cess of the UEs to the resource. In the present embod- 
iment, the invention proposes a new scheme for access 
control; the invention suggests broadcasting an access 
probability p^ , and letting the UEs determine whether 
they may access the resource or not according to this 
probability. Figure 5 shows a graph of a possible func- 
tion for computing p tr according to the interference level. 
[0037] As discussed in relation to figure 2, when a UE 
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accesses the resource, it is allowed to continue trans- 
mitting for a period of T validity ; it is therefore preferable 
to compute the interference level l 0 on the last T valjdity 
period, for the computation of SFp3 Cket and p^ 
5 [0038] At the end of step one, the UTRAN has com- 
puted SFp^g, and p^. The process then passes to step 
2. 

[0039] In step 2, a maximum transmission rate SF min 
for the UEs is computed, based on the total allocated 
10 transmission rate SF packel and on the number of active 
users; one solution may consist in sharing uniformly the 
resource between all active users. If the transmission 
rate allocated to packet users is SF packet , the transmis- 
sion rate broadcast to the UEs may be computed as : 

75 

op -er 0 1+E(ln(activeusere-iytn(2)) 
^min" Vpacket 2 

[0040] In this formula, "active users" is the number of 
20 active users; it may simply be the number of active users 
in the previous frame, that is the number of UEs using 
the resource for uplink transmission of packets. The 
number of active users may be computed with a more 
elaborate solution; e. g. if a UE is allowed to continue 
25 transmitting for a period of T vaI j djty , this may be taken 
into account for the computation of users. In other 
words, a UE active in the previous frame, but which has 
been active for a period of T validHy , need not be taken 
into account in the number of active users for the next 
30 frame. 

[0041] It is also possible to use a different scheme for 
sharing the total transmission rate SF packet : for in- 
stance, the transmission rate could be shared according 
to the location of the UEs, according to their class if 
35 classes are defined, etc. 

[0042] At the end of step 2, the UTRAN has computed 
a UE maximum transmission rate SF mjn . The process 
then passes to step 3. 

[0043] In step 3, the maximum transmission rate is 
40 broadcast to the UEs. This may be done in UMTS over 
a Broadcast Channel, or over a Fast Signalling Channel. 
The broadcast information should be sent to the differ- 
ent UEs as fast as possible, so that it may be taken into 
account by the UE for the next frame. The transmission 
45 rate is preferably broadcast to the UEs in every frame. 
[0044] At the same time, access control information, 
such as the access probability p tr may be broadcast to 
the UE; in addition, information such as timing informa- 
tion for the transmission by UE may be broadcast. For 
50 instance, the periods Tvalidity, T out and T retry discussed 
below may be broadcast at the same time as SF rajn . This 
information need not necessarily be broadcast at each 
frame, or on the same timing basis as the SF mjn and p fr 
information. 

55 [0045] After step 3, the process passes to step 4, 
where the UTRAN waits for 10 ms before the process 
again passes to step 1 . 

[0046] Thus, the UTRAN broadcasts, preferably on a 
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frame basis, the maximum transmission rate allowed to 
each UE. 

[0047] Figure 2 is a flowchart of the procedure in the 
UE according to the first embodiment of the invention; 
it shows that the UE, for an uplink transmission, adapts 
its transmission rate according to the maximum trans- 
mission rate SFmin received from the UTRAN. Figure 2 
also discloses the access resource control according to 
the first embodiment of the invention. 
[0048] Access to the radio resource according to the 
first embodiment of the invention depends on the broad- 
cast probability p (r More specifically, when a UE wishes 
to access the radio resource, it compares a random 
number to the broadcast probability. Resource may only 
be accessed when the random number is less than the 
broadcast probability. In other words, permission to 
transmit depends statistically on the broadcast proba- 
bility p^ 

[0049] In addition, the invention propose the following 
timing rules: 

- transmission may continue for a time period of T^. 
lidity after permission is granted; thus, permission 
does not have to be requested at each and every 
frame; 

when permission is refused, the UE waits for a pe- 
riod of time of T retry before requesting again access 
to the resource; 

- when no activity occurs during a period of T out , the 
dedicated channel is released. 

[0050] T vaUdity and T retry are set by the UTRAN; they 
may be set on a permanent basis, in which case they 
do not need to be broadcast. They could also be adapt- 
ed by the network in relation to the activity statistics of 
real time services. This allows the network to maintain 
priority for real time services. These parameters, as well 
as T out may also be adapted according to the packet 
service activities. 

[0051] At step 10, the UE is at the beginning of a call, 
or has to sent a packet after a long period, that is after 
a period longer than T out has elapsed. In other words, 
the UE is not allocated any transmission channel; a ra- 
dio-bearer set-up procedure is carried out in step 1 0, so 
as to provide the UE with an indication of the resource 
it may try to access. In packet service, this resource is 
not allocated to the UE on a permanent basis, and per- 
mission to transmit is controlled as discussed above. In 
UMTS, the result of a successful attempt in step 10 is 
that the UE is provided with a DPCCH (Dedicated Phys- 
ical Control Channel). 

[0052] At step 11 , the UE updates the values of p tr and 
SF roin , broadcast by the network. According to the value 
of SF mln , the UE selects a transmission rate; for a CDMA 
system, this amounts to selecting a spreading factor 
among the spreading factors that are albwed to the UE. 
In UMTS, a TFC (Transport Format Combination) is se- 
lected. The selected transmission rate SFown may be 



lower than the one allowed in the broadcast information. 
The user bit rate may indeed be limited by transmitter 
power or the UE may have a small amount of data to 
transmit, thus not requiring the maximum allowed bit 
5 rate. 

[0053] In addition, the UE computes a random 
number p, which is used for determining whether per- 
mission to transmit is granted. This random number is 
compared to the received p, r to determine if transmis- 

10 sion may occur. In a preferred embodiment, a UE may 
be granted permission to transmit more easily if the 
transmission rate SF 0Wn it intends to use is bwer that 
the broadcast transmission rate SF min : in this case, the 
UE computes a probability p OWfV starting from p tp SF min 

is and SF own . The formula for the computation may be : 

p _ p m,n 
r own ~ tr 

20 [0054] The UE then determine whether it may trans- 
mit. For this the random probability p is compared to the 
broadcast probability p^ or to the computed p own . If p is 
less than p& or where applicable less than p own , the UE 
is allowed to transmit, and the process passes to step 

25 1 2. If this is not the case, the UE is not allowed to trans- 
mit, and the process passes to step 1 3. 
[0055] In step 13, the UE has a DPCCH, but was not 
allowed to transmit; because of the statistical conten- 
tion; as discussed above, the UE waits for a period of 

30 Tretry before trying again to access the resource. The 
process thus passes again to step 11 after a period of 
T retry has elapsed. During this period, access to the 
physical resource remains possible, due to the fact that 
the UE still transmits on the DPCCH, with the lowest 

35 possible transmission rate. 

[0056] In step 1 2, the UE is allowed to transmit. A var- 
iable N for counting the period of Tvalidity is set to 0. 
The process then passes to step 14. 
[0057] At step 1 4, the variable N is increased of one. 

40 The process then passes to step 1 5. 

[0058] At step 1 5, it is determined whether the period 
Tvalidity has elapsed. If this is the case, the UE should 
determine again whether it is authorised to transmit. The 
process thus passes again to step 11. If T va j Wity has not 

45 elapsed, the process passes to step 1 6. 

[0059] In step 16, the UE has determined that it was 
albwed to transmit, and has transmitted for a duration 
less than T validity . It is then determined whether the 
transmission buffer is empty or not. If the transmission 

50 buffer is empty, the process passes to step 1 7. Else, the 
process passes to step 18. 

[0060] In step 1 8, the UE prepares a frame for trans- 
mission. The information in this frame is sent at rate of 
SF own on the DPDCH (Dedicated Physical Data Chan- 
ss nel); SF own is updated every time the UE received the 
broadcast maximum transmission rate SF mln from the 
network; the frame also contains signalling for the 
DPCCH, at the lowest possible transmission rate. Once 
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the frame is ready, the process passes to step 1 9. 
[0061] In step 17, the transmission buffer is empty. 
The process then counts the number of frames during 
which the transmission buffer remains empty. While this 
number is less that the time period T out , the process pre- 
pares for every frame signalling for the DPCCH, at the 
lowest possible speed, see step 20. Else, once the 
transmission buffer remains empty for a period of time 
of more than T out , the UE stops signalling on the 
DPCCH, so that the resource is released, step 21 . 
[0062] At step 21 , the process goes back to step 10, 
where the UE waits for the beginning of a call, or for a 
new packet. 

[0063] After step 20, where a signalling frame is pre- 
pared, the process passes to step 1 9. 
[0064] At step 1 9, the frame prepared in step 1 8 or 20 
is sent. 

[0065] During all the process, the UE receives at eve- 
ry frame the transmission rate information sent by the 
network. 

[0066] Figure 2 thus shows that the UE adapts its 
transmission rate according to the broadcast maximum 
rate. It also shows the contention mechanism used in 
the first embodiment of the invention for statistically con- 
trolling access to the resource. 
[0067] Figure 3 is a representation of the timing of the 
packet admission control according to the first embodi- 
ment of the invention; the top of figure 3 shows the frame 
timing in the network; as discussed in reference to figure 
1 , the network broadcasts every frame the SF min and p^ 
information, on the BCH, the ACCH (Associated Control 
Channel) or the FACH (Forward Access Control Chan- 
nel). The bottom of figure 3 shows activity in the UE; in 
the example, T vaBdily corresponds to 5 frames, and T reljy 
to 2 frames. On figure 5, the UE starts transmitting in 
the second frame, on the DPCCH and on the DPDCH, 
for a period of T va | idit y. The second attempt to transmit 
fails, so that the UE remains silent for a time period of 
T retry . The third attempts is again successful, so that the 
UE again transmits for a period of T vaBdity - which is not 
completely represented on the figure. 
[0068] Figure 4 is a flow diagram between UTRAN 
and UE according to the first embodiment of the inven- 
tion; the figure shows the first packet arrival 31 on the 
UE. The UE, as discussed in step 10 of figure 2, sends 
a set-up request 32 on the RACH (Random Access 
Channel); the network then starts the radio-bearer set- 
up process. 

[0069] The network then sends back tothe UE a pack- 
et information at 33 on the BCH or on a fast signalling 
channel, for indicating the DPCCH and DPDCH to be 
used by the UE. 

[0070] At 34, the UE then determines whether it is al- 
lowed to transmit, and if this is the case, transmits on 
the dedicated channel, as shown in 35. 
[0071] Every frame, the network computes and 
broadcasts the maximum transmission rate SF mi(V and 
the probability p^, see 3€> and 37rAccording tothe max- 



imum transmission rate allowed by the network, the UE 
adapts its transmission rate, see 38 on figure 4. 
[0072] Figure 4 thus summarises the process of the 
invention. 

s [0073] Figure 5 is a graph of a possible probability 
function, which may be used according to the invention 
for the computation of p^ The vertical axis show the 
probability p^ and the horizontal axis shows level of in- 
terference l 0 for the previous frames, or, the total power 

10 level l 0 received on the uplink. In the example, the prob- 
ability varies linearly, with two thresholds and P 2 , 
which correspond to levels L, and L^. The probability 
decreases when the interference increases; the de- 
crease dpt,/dl 0 is slow in a first region where the level is 

'5 low, up to a value of interference level of L,; the de- 
crease dp^/dlo is then higher when the level increases, 
as the resources is more and more used. 
[0074] The following figures have proved efficient in 
a simulation; values for L assume a noise level of -132 

20 dBW. 



25 p, 



30 



35 



40 



45 



SO 



55 



-126 dBW 
-122 dBW 
0,3 
0 



•validity- 
^retry ■ 



50 frames 
50 frames 
50 frames 



[0075] The system simulations carried out with these 
figures have shown that interference level is kept under 
a threshold of -96 dBm (6 dB above noise level), while 
allowing uncoordinated transmission for packet users. 
In the simulation, there were 15 packet users, the trans- 
mission of whom corresponded to a web session, as dis- 
closed in ETSI UMTS 30.03, Selection procedures for 
the choice of radio transmission technologies of the 
UMTS. 

[0076] The first embodiment of the invention dis- 
closed above mainly requires a fast signalling channel 
for broadcasting UTRAN information to packet users, 
preferably on a frame basis. The amount of information 
depends on the number of user classes - if user classes 
are provided - but may in all cases remain quite small. 
The transmission probability p^ may be quantified on 4 
bits; and the maximum transmission rate or minimum 
spreading factor SF^ may be quantified on 4 bits; in 
addition, the transmission validity may be quan- 
tified on 6 bit. This leads to around 6 bits per user class 
and per frame for broadcasting and SF mln ; for frames 
where T^^ or T re{fy are broadcast, around 20 bits may 
be necessary. 

[0077] This information may be transported on the 
BCCH, on the ACCH (Associated Control Channel de- 
fined for the DSCH) or even on the FACH. If the ACCH 
is already used for DL TPC bits, it might be convenient 
to put the DUPAC (Dynamic Uplink Packet Admission 
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Control) signalling information on the same logical and 
transport channels in order to reduce multicode recep- 
tion requirements. Otherwise, this may be transported 
on the BCCH, provided this channel has a sufficient pay- 
load and can be received during data transmission. 
[0078] The complete transmission procedure on the 
radio interlace could then be specified, as part of a MAC/ 
RRC (Medium Access Control/Radio Resource Control) 
protocol. On the UE side, specific requirements may be 
specified for the transmission of packet data according 
to the proposed scheme. The UE is using a DCH in a 
particular manner and this may need to be defined as a 
specific transport channel. 

[0079] The solution of the invention provides a very 
flexible control mechanism for packet transmission in 
uplink direction, without too much signalling overhead. 
Compared to prior art solutions, this scheme provides 
better control than the pure DCH allocation option, and 
equivalent flexibility in control than the USCH, but with 
much less signalling overhead. 
[0080] A second embodiment ol the invention is now 
discussed. In this embodiment, as in the first embodi- 
ment of the invention, the maximum transmission rate 
is broadcast. However, a different process is used for 
controlling access to the resource. Instead of using a 
probability control, the second embodiment proposes 
that the UE starts transmitting at a low transmission rate 
SFjnjj, during a time period T jnjl . This time period may be 
used by the network to change the maximum transmis- 
sion rate, in order to take into account new active users. 
After the time period of T^, the UE transmits at the al- 
lowed transmission rate SF min . As in the first embodi- 
ment, the UE releases the resource when it is not used 
for a time period o1 T out . 

[0081] In other words, the second embodiment of the 
invention provides a different computation of the total 
available transmission rate SF packet . The solution of the 
first embodiment for sharing this transmission rate be- 
tween the different active users applies similarly in the 
second embodiment. 

[0082] Figure 6 is a flowchart of the procedure in the 
UTRAN according to a second embodiment of the in- 
vention; this procedure may be carried out in the base 
station or Node B in the UMTS specification; it may also 
be carried out in the base station controller or RNC (Ra- 
dio Network Controller) in UMTS. As for the first embod- 
iment, set-up of the call, that is allocation of a given DP- 
DCH and DPCH is not discussed in figure 6. 
[0083] At step 41 , a complete frame is received from 
a new user. The process passes to step 42. 
[0084] At step 42, the received power is averaged 
over the last frame, so as to compute an estimate of the 
level of interference. The process passes to step 43. 
[0085] At step 43, based on the number of active user 
- which just increased - the network computes a maxi- 
mum transmission rate SF min for each user. As above, 
one simple way to do this is to share uniformly the pos- 
sible transmission rate among all active users. This can 



be done by selecting SF min so that the following formula 
is as close as possible to l 0 threshoid : 

I 0 +ZPr*(SF inil /SF mil -l 

user 

where 

10 - | 0 is the averaged interference level determined in 
step 42, 

Pr is the power received from a UE within the cell, 
averaged over the last received frame; 
- 'othreshow ' s tne maximum level of interference that 
is may be accepted in the system. 

[0086] It is also possible to use a different scheme for 
sharing the total transmission rate : for instance, the 
transmission rate could be shared according to the lo- 
20 cation of the UEs, according to their class if classes are 
defined, etc. 

[0087] Once the new SF mln is computed, the process 
passes to step 44. 

[0088] In step 44, the new SF mln is broadcast over to 
25 the user equipments. This may be done as in the first 
embodiment of the invention. 
[0089] At the same time, access information may be 
broadcast, and for instance the time period T jnit during 
which the UE transmits with a low transmission rate, the 
30 transmission rate SF iftit used during this time period, or 
the time period T out after which the resource is released 
when there is no transmission from the UE. This infor- 
mation need not necessarily be broadcast at each 
frame, or on the same timing basis as SF mjn . 
35 [0090] After step 44, the process passes to back to 
step 41 , and the UTRAN awaits that a new user ap- 
pears. 

[0091] Thus, the UTRAN broadcasts, preferably eve- 
ry time it changes, or on a frame basis, the maximum 

40 transmission rate allowed to each UE. 

[0092] Figure 7 is a flowchart of the procedure in the 
UE according to the second embodiment of the inven- 
tion; it shows that the UE, for an uplink transmission, 
starts transmitting at a limited transmission rate SF lnjt 

45 for a duratbn T inil , before transmitting at the broadcast 
transmission rate. This allows the network to adapt the 
maximum transmission rate SF^ according to the 
number of active users, in order to take into account the 
new users. This duration may also be user-class de- 

50 pendent. 

[0093] As in the first embodiment, the resource is re- 
leased when the UE does not transmit for a time period 
Tout- 

[0094] At step 50, the UE is at the beginning of a call, 
55 or has to sent a packet after a long period, that is after 
a period longer than T out has elapsed. In other words, 
the UE is not allocated any transmission channel; a ra- 
dio-bearer set-up procedure is carried out in step 50, so 
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as to provide the UE with an indication of the resource 
it may try to access. In UMTS, the result of a successful 
attempt in step 50 is that the UE is provided with a 
DPCCH (Dedicated Physical Control Channel). 
[0095] At step 51 , the UE sets up a count variable N 
for counting the time T jf)lt . A variable silence is set at a 
logical False value. The process then passes to step 52. 
[0096] In step 52, N is increased by one. The process 
then passes to step 53. 

[0097] In step 53, it is checked whether N equals or 
is higher than T inj1 . If this is the case, the process passes 
to step 54; else, it passes to step 55. 
[0098] In step 55, it is ascertained that the UE started 
transmitting less than T mH ago. Transmission should 
therefore continue at the first transmission rate SF jnit . 
The TFC on the DPDCH is set so as to respect the limit 
of SF jnjt for the transmission rate; in addition, signalling 
occurs at a low transmission rate on the DPCCH. The 
frame is prepared for transmission, and the process 
passes to step 56. 

[0099] In step 56, the frame prepared in step 55 is 
transmitted. The process then passes to step 52. 
[0100] This loop corresponds to the transmission of 
the first frames, at a transmission rate of SF^^, for a du- 
ration of T }nl1 . 

[0101] In step 54, it is ascertained that the duration 
T init has elapsed. TFC on the DPDCH is set so as to 
respect the limit of SF mjn for the transmission rate; in 
addition, signalling occurs at a low transmission rate on 

| the DPCCH. The frame is prepared for transmission, 

1 and the process passes to step 57. 
[0102] In step 57, the frame prepared in step 54 or 62 
is transmitted. The process then passes to step 58. 
[01 03] In step 58, it is determined whether the trans- 
mission buffer is empty or not. If this is not the case, the 
process passes to step 59, else, it passes to step 60 
[0104] In step 59, it is checked whether the Silence 
variable is at a True logical level; if this is the case, a 
new packet has arrived in the buffer, and transmission 
should start again at T init . The process passes again to 
step 51 . If the Silence variable is a false level, the same 
packet is being sent, and the process passes to step 54, 
where a new frame is prepared 
[0105] In step 60, it is determined that the buffer is 
empty, so that the packet is finished. While this number 
is less that the time period T out , the process prepares 
for every frame signalling for the DPCCH, at the lowest 
possible speed, see step 62. Else, once the transmis- 
sion buffer remains empty for a period of time of more 
than T out , the UE stops signalling on the DPCCH, so that 
the resource is released, step 61. 
[0106] At step 61 , the process goes back to step 50, 
where the UE waits for the beginning of a call, or for a 
new packet. 

[01 07] After step 62, where a signalling frame is pre- 
pared, the process passes to step 57. 
[0108] Figure 7 assumes that the number of frames 
to send at least corresponds to the duration T lnit . Since 



SF init is normally low enough that the new user trans- 
mitting at SF in | t does not create too much interference, 
this assumption is likely to be fulfilled. Figure 7 does not 
show the timing of frames; it is clear that the UE waits 

5 for the duration of a frame before sending a new frame. 
[0109] Figure 7 shows that the UE starts transmitting 
a packet at SF jnit , for a duration T jnit , and then transmits 
the rest of the packet at the broadcast transmission rate; 
this is the case for any new packet. In addition, when no 

10 frame is transmitted for a duration of T out , the resource 
is released. During all the process, the UE receives at 
every frame the transmission rate information sent by 
the network. 

[011 0] Figure 8 is a representation of the timing of the 

is packet admission control according to the second em- 
bodiment of the invention; the top of figure 3 shows the 
frame timing in the RNC, where calculation of SFmin is 
taking place. The middle of figure 8 shows the Node B, 
where frames from new users are received; each time 

20 it receives frame from a new user at the transmission 
rate T jnitl the Node B requests a computation of the max- 
imum transmission rate from the RNC. When it receives 
the new transmission rate, the Node B broadcasts it to 
the user equipments; this information may be broadcast 

25 on the BCH, the ACCH or the FACH. The bottom of fig- 
ure 8 shows activity in the UE; in the example, T jnit cor- 
responds to 5 frames. On figure 5, the UE starts trans- 
mitting in the second frame, on the DPCCH and on the 
DPDCH at SF jnit , for a period of T injt . It then transmits at 

30 SFmin for three frames. The UE is then silent for two 
frames; after these two frames, the UE starts again 
transmitting a new packet at SF^i,. 
[0111] Figure 9 is a flow diagram between UTRAN 
and UE according to the first embodiment of the inven- 

3S tion; the figure shows the first packet arrival 71 on the 
UE. The UE, as discussed in step 50 of figure 7, sends 
a set-up request 72 on the RACH (Random Access 
Channel); the network then starts the radio-bearer set- 
up process. 

40 . [011 2] The networkthen sends back to the UE a pack- 
et information 73 on the BCH or on a fast signalling 
channel, for indicating the DPCCH and DPDCH to be 
used by the UE. 

[0113] At 74, the UE then determines the TFC for 
45 transmission at SF^it, and transmits on the dedicated 
channel, as shown in 75 and 76. 
[0114] When the networks receives the first frame at 
SF jnlt , as shown in 77, it computes the new SF mln , which 
is sent to the UE at 78. 
so [0115] After T jn{t has elapsed, the UE updates its 
transmission rate according to the maximum broadcast 
transmission rate, see 79, and broadcasts the end of the 
packet accordingly, see 80. Of course, the SF m}n may 
change during transmission of the rest of the packet, 
55 and the transmission rate would be changed according- 
ly. 

[0116] The following figures have proved efficient in a 
simulation; values assume a noise level of -132 dBW. 



15 



EP 1 033 846 A1 



16 



init • 



T init : 

T ou1 : 



128 

5 frames 
50 frames 



[01 1 7] The system simulations carried out with these 
figures have shown that interference level is kept under 
a threshold of -96 dBm (6 dB above noise level), while 
allowing uncoordinated transmission for packet users. 
In the simulation, there were 1 5 packet users, as in the 
simulation for the first embodiment. 
[01 18] The requirements for carrying out the process 
of the second embodiment are similar the ones for car- 
rying out the process of the first embodiment. The ad- 
vantages are also similar. As compared to the first em- 
bodiment, the second embodiment makes it possible to 
start transmitting immediately - even if it is with a re- 
duced transmission rate. In addition, it is not necessary 
in the second embodiment to broadcast the transmis- 
sion rate information at every frame, but simply when a 
user is detected. 

[01 1 9] It is clear to the person skilled in the art that the 
preferred embodiments disclosed above may be 
changed . For instance, the transmission rate need not 
be broadcast at every frame; it could be sent to the UEs 
every second frame, or at a lesser interval, according to 
the expected behaviour of the UEs. 
[0120] The invention preferably applies to packet 
service, where the source of traffic is bursty; it may also 
apply to other types of services, where traffic is not fully 
foreseeable. 

[0121] In the preferred embodiments, only one class 
of UEs is defined. In this respect, the network only 
broadcasts one transmission rate. It is also possible to 
define several classes of UEs, and to allow different 
transmission rates for the different classes of UEs. One 
solution is to broadcast the transmission rate for each 
class of UEs; another solution is to broadcast a trans- 
mission rate, and to allow the UEs to compute their own 
transmissbn rate based on the broadcast transmission 
rate, according to their class. 
[01 22] It is also clear that in the first embodiment, the 
probability p fr could be changed into 1 -p^ in which case 
transmissbn would only occur when the random 
number is higher than the probability. This case is in- 
tended to be covered in the wording "the random 
number is lower than the broadcast probability". 
[0123] In the second embodiment, when the number 
of user is limited, it may not be necessary to change the 
maximum transmission rate. In this case, it may be pos- 
sible not to broadcast this transmission rate. Like the 
SF mjn , the initial transmission rate SF^and the corre- 
sponding duration T injt could be user-class dependent. 

Claims 

1 . A process for sharing radio resources between user 
equipments on the uplink of a packet service wire- 



10 



75 



20 



2S 



30 



3S 



40 



45 



SO 



55 9. 



less communication system, comprising: 

in the network, computing a maximum trans- 
} mission rate (SF mln ) for user equipments, and 
| broadcasting this maximum transmission rate 
1 to user equipments; 
in a user equipment, transmitting with a trans- 
mission rate lower that the last received broad- 
cast maximum transmission rate. 

The process of claim 1, wherein the maximum 
transmission rate is broadcast every frame. 

The process of claim 1 or 2, wherein the maximum 
transmission rate is identical for all user equip- 
ments. 

The process of claim 1 or 2, wherein the maximum 
transmission rate is class dependent. 

The process ol one of claims 1 to 4, further com- 
prising: 

in the network, computing a probability (ptr) for 
user equipments, and broadcasting this proba- 
bility to user equipments; 
in a user equipment, transmitting only if a ran- 
dom value (p) is lower than the last received . 
broadcast probability (p^). 

The process of one of claims 1 to 4, further com- 
prising: 

in the network, computing a probability (p^.) for 
user equipments, and broadcasting this proba- 
bility to user equipments; 
in a user equipment, if the requested transmis- 
sion rate is lower than the broadcast transmis- 
sion rate, computing a user probability (p^n) 
higher than the last received broadcast proba- 
bility (Ptr), as a function of the last received 
broadcast probability (p^), of the last received 
broadcast maximum transmission rate (SFmin) 
and of the transmission rate required by the us- 
er equipment, and transmitting only if a random 
value (p) is lower than the last computed user 
probability ( Pown ). 

The process of claim 5 or 6, wherein the probability 
is broadcast every frame. 

The process of claim 5, 6 or 7, wherein the proba- 
bility is identical for all user equipments. 

The process of claim 5, 6 or 7, wherein the proba- 
bility is class dependent. 



10. The process of one of claims 5 to 9, wherein the 
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step of transmitting is carried out tor a validity time 
period (T validity ) after it is determined that the ran- 
dom value (p) is lower than the last received broad- 
cast probability (ptr). 

5 

1 1 . The process of one of claims 5 to 1 0, wherein a user 
equipment is not allowed to transmit for a retry time 
period (T rctry ) after it is determined that the random 
value (p) is not lower than the last received broad- 
cast probability (p^). 10 

12. The process of one of claims 1 to 4, wherein the 
step of transmitting is started at a first transmission 
rate (SF^jt) for a time period (T inlt ), and is continued 

at a second transmission rate (SF) after the lapse is 
of said time period (T jnil ). 

13. The process of claim 12, wherein the maximum 
transmission rate is broadcast to user equipments 
transmitting at said first transmission rate. 20 

14. The process of claim 12 or 13, wherein the maxi- 
mum transmission rate is broadcast only when it is 
computed anew. 

25 

15. A wireless communication system carrying out the 
process of one of claims 1 to 14. 

16. A user equipment carrying out the user side steps 

of the process of one of claims 1 to 1 4. 30 
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